With the growing energy demand of the society and the increased requirements for ecological aspects of obtaining and utilizing energies, renewable energy sources have been getting to the forefront. In the conditions of Central Europe, transformation of biomass to biogas through anaerobic digestion appears to be promising. The article describes the results of a field experiment carried out in an experimental site of the University of South Bohemia in České Budějovice (South Bohemia, Czech Republic). The goal of the article is to compare the conventionally grown corn (Zea mays L., hybrid Simao), the areas of which have increased considerably as a result of the development of biogas stations, and the alternative perennial grass called tall wheatgrass (Elymus elongatus subsp. ponticus cv. Szarvasi-1), which is, according to the literature, well positioned to replace corn. The harvests of the plants took place in 2013-2015, and tall wheatgrass was cut twice per season. A number of aspects -dry phytomass yield, specific methane yield and hectare methane yield -were monitored. In addition, the long-term soil loss by water erosion was calculated through the Universal Soil Loss Equation for both species of energy crops. In terms of yield parameters and methane production, better results were achieved by corn, given the average energy gain 238 GJ·ha -1 as compared to 126 GJ·ha -1 for tall wheatgrass. The protection of the soil surface from water erosion by corn appears to be insufficient and, in this criterion, it absolutely lags behind the anti-erosion abilities of tall wheatgrass, which protects soil incomparably better.
INTRODUCTION
The growth of the world population is accompanied by a growing energy demand. A significant part of the consumption of energy sources is covered by fossil fuels, the combustion of which contributes to the environmental pollution and results in an increased content of greenhouse gases in the atmosphere (Moutinho et al., 2016) . The use of renewable energy sources (RES), which are more environmentally friendly and bring new employment opportunities, may help to reduce the climate change (Dvořák et al., 2017) . According to Eurostat (2017) , the share of RES in the gross final energy consumption amounted to 15.1% in the Czech Republic in 2015, which is more than the target value set for 2020 (13%). Despite that, the Czech Republic ranked below the EU28 average (16.7%).
In the conditions of Central Europe, energy from plant biomass offers a huge potential . Although organic waste should be preferably used for ecological power engineering, the areas of plants specially grown for power engineering have been enlarged in recent years (Lewandowski et al., 2003) . In the Czech Republic, a large number of plants like that have been grown and may be used in numerous ways (Kopecký et al., 2017) . However, the greatest progress was achieved in the field of technologies of biomass transformation to biogas through anaerobic digestion (Martinát et al., 2013) . Biogas stations (BGS) have currently been used as stable sources of electric and thermal energy without burdening the environment by emissions (Mysáková et al., 2016), thus helping to mitigate negative consequences of the accruing greenhouse effect (Moudrý et al., 2013) . A large number of BGS have been built in Europe, particularly in Germany, Denmark, Austria and Sweden, in recent past (Bacenetti et al., 2013) . In 2015, there were 507 BGS with the total installed power of 358 MW in the Czech Republic, and biogas had 24.7% share from among all RES (Czech Biogas Association, 2016).
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One of the most prevalent energy crops is corn (Zea mays L.) which is, however, often perceived as a plant burdening the environment. This includes, for example, its influence on the climate through nitrogen oxides released after the application of mineral fertilizers, or pollution of surface waters by nitrates (Donner and Kucharik, 2008) . Objectors to its excessive cultivation on arable land also argue that it competes other food or fodder crops (Emmann et al., 2012) . One of the most significant negatives of the cultivation of corn is a large risk of water erosion (Vogel et al., 2016) . Since erosion mostly affects the top soil layer, which is the most fertile, erosion is a factor considerably reducing the production and non-production potential of soil (Blanco-Canqui and Lal, 2008). In the Czech Republic, there are specific conditions for water erosion, particularly due to the size of field units, which are the largest in Europe. The farming methods used in the past caused the destruction of numerous hydrographic and landscape features that prevented accelerated erosion efficiently. In the Czech Republic, more than 50% of the area of arable land have been threatened by water erosion (Novotný et al., 2014) .
Suitability of other plants that are more environmentally friendly has currently been assessed . In environmental terms, it is appropriate to grow perennial plants. Such plants still have an irreplaceable role in the feed industry (Hloucalová et al., 2016 ), but they also have been increasingly utilized in ecological power engineering . Replacement of annual energy crops, such as corn, by perennial plants contributes to the sustainability of biogas production in the future (Kiesel and Lewandowski, 2017) . Various species from the family Poaceae may be used (Konvalina et al., 2014a) . Dickeduisberg et al. (2017) recommends tall wheatgrass (Elymus elongatus), which is regarded as a crop that may match corn in terms of yields. An advantage of grasses over annual plants is their year-long protection of soil from torrential rain and wind, so they may also be recommended for locations that are soil erosion vulnerable (Dumbrovský et al., 2014) . They also enrich soil by organic matter, which makes the topsoil more resistant to erosion and enables the plants to utilize moisture more effectively (Konvalina et al., 2014b) . The vegetation factor is, in terms of arable land management in relation to erosion vulnerability, together with the use of anti-erosion measures, the only factor that is directly controllable (Novotný et al., 2014) .
The goal of the article is to compare conventionally grown corn and perennial energy grass called tall wheatgrass in terms of their yield potential, methane production and energy gain in their cultivation for the purpose of biogas production, and to determine the erosion vulnerability of soil by water erosion in the stands of those plants at the experimental site of the University of South Bohemia in České Budějovice. The field experiments took place from 2013 to 2016.
METHODOLOGY
The field part of the research took place at the experimental site of the University of South Bohemia in České Budějovice (Czech Republic). The habitat and weather characteristics in the course of the experiment are shown in Tab. 1 and Tab. 2. 
The harvested phytomass of both the crops was dried at 60°C to reach a constant weight, which was followed by the calculation of the dry matter yield (DMY). Every year, samples of the plants were ensilaged and underwent an analysis of gas development from the substrate through incubation in a medium in a certified chemical and microbiological laboratory where the specific methane yield (SMY) was identified. As for Elymus elongatus, only the second cutting was always analysed. The SMY value was multiplied by the total yield in the given year, thus determining the methane hectare yield (MHY).
The tested substrate was incubated in the digestate from the fermenter of the biogas station for which it is certain that it does not show any abnormal values of acids, lowered pH, etc. A mixed digestate from fermenters of various biogas stations that use various "nourishment" for the bacteria, namely corn, grass, cow manure slurry, etc., was used. A certain quantity of homogenized substrate was added to the inoculum prepared as stated above, and was incubated in the anaerobic environment at the temperature of 40 °C until the potential of the substrate was fully used up. The gas was collected in a special measuring flask from which the results were read . On the way to the flask, gas was bubbled through a solution of Sodium hydroxide, capturing carbon dioxide and resulting in methane production with a small error caused by an effect of minority gases not captured in the hydroxide. The total quantity of such gases is below 2%. The inoculum itself was used as a blind sample. The quantity of the gas produced in the blind test was deducted from the substrate results.
Based on the obtained information about the methane production ability and yields, we calculated MHY and energy gain (E) by using the formula: ) This was followed by a calculation of the long-term average soil loss by water erosion for the site conditions at the experimental site in České Budějovice through the Universal Soil Loss Equation (Wischmeier and Smith, 1978) :
G… the computed soil loss per unit area, expressed in the units selected for K and for the period selected for R R… the rainfall and runoff factor K… the soil erodibility factor L… the slope-length factor S… the slope-steepness factor C… the cover and management factor P… the support practice factor
Based on the application called Erosion Control Calculator (Research Institute for Soil and Water Conservation, 2017), the R-factor was 50.14. The other factors were derived according to the methodology of Janeček et al. (2012) . The K-factor value was determined on the basis of the main soil unit and amounted to 0.38. Depending on the length and the slope steepness, the L-factor (tall wheatgrass 1.4745, corn 1.785) and the S-factor (0.9149) were determined. The C-factor of tall wheatgrass is 0.01, the C-factor of corn is 0.72 due to its lower ability to protect the soil surface. The P-factor amounted to 1 -without anti-erosion measures.
Multiplying the G value and the size of the area that would be required for the energy gain of 1 TJ resulted in the soil quantity that would be theoretically carried away by water erosion in connection with gaining this amount of energy in the cultivation of the examined energy crops in the given plot.
RESULTS AND DISCUSSION
DMY values are shown in Figure 1 . Higher average yields (14.5 t·ha -1 ) were found in corn. These yields correspond roughly to the figures reported by Corcoran et al. (2016) . In his experiment (in Ireland), a yield amounting to approximately 12.6 t·ha -1 DM was achieved with a similar N fertilization intensity. However, literature often states considerably higher yields exceeding 20 t·ha -1 DM (Biom.cz, 2013). In our experiment, the reason for a lower average yield is especially the abnormally dry and warm weather in 2015. Tall wheatgrass was able to withstand such weather better, reaching the yield that was only slightly below the average in that year. However, it also did not achieve its yield potential presented in literature. Depending on the local conditions and farming management, the yields may range from 5 t·ha , depending on the stubble height and the seed origin. This is substantially more than the yield achieved in our experiment. However, except for 2015, these values did not exceed the MHY achieved for corn in the experiment. Despite that, we are aware of even higher MHY, reaching almost 9000 m The computed soil loss per unit area for corn and tall wheatgrass was 22.40, respectively 0.26 t·ha -1 ·year -1 . Given the ascertained average E value, the energy gain of 1 TJ would theoretically require 4.2 ha of corn or 7.9 ha of tall wheatgrass. Although the area of tall wheatgrass would have to be almost twice as large as the area of corn in order to reach the same energy gain, the risk of water erosion is considerably lower for this perennial grass. While 94.21 t of soil would be carried away by water erosion from a corn field sized 4.2 ha according to the calculation based on the Universal Soil Loss Equation, only 2.03 t of soil would be carried away from an area covered by tall wheatgrass despite the larger size. According to Prochnow et al. (2009) , grass cover provides excellent anti-erosion protection contrary to wide-row crops, which was also confirmed in this experiment.
CONCLUSION
Despite certain data published in literature, the information about a considerable yield potential of tall wheatgrass, which may, according to the available data, exceed even the yield of widely cultivated corn, has not been confirmed. In the course of the experiment, tall wheatgrass showed lower average DMY (8.6 vs. 14. ·year -1 ) in our case. On the size of the area that would be required for the energy gain of 1 TJ by byla total soil loss 94.21 t from a corn field, but just 2.03 t from a tall wheatgrass field. This means soil saving about 98%. In erosion vulnerable areas and less intensive farming systems, tall wheatgrass may be used as an alternative to the currently dominant corn. 
